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© Improved cutting tool. 

© An improved rotary cutting end mill which in- 
cludes an arcuate shaped circular land (33) on the 
first relief wail which contacts the cutting edge and a 
slightly angled cutting end (16). This end mill yields 
a smooth finished surface on the work piece and can 
be used at higher rotary speeds. This end mill 
shows less corner wear, improved rigidity and is 
operated with less operating noise. 
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TECHNICAL FIELD 

The present invention relates, generally, to ro- 
tating milling cutters. More specifically, the present 
invention relates to tungsten carbide end mills and 
the like. 

BACKGROUND OF THE INVENTION 

A variety of end mills for use with rotating 
milling cutters are available and well known. De- 
pending on design, such end mills are generally 
used In right hand cutting, right hand spiral and 
center cutting. Conventionally, these end mills are 
made from different types of hardened steel. Stan- 
dard end mills are supplied in a two or more flute 
design. A number of end mills have only one 
operating surface on the cutting face wall. Such 
end mills often have problems with chips adhering 
to the cutting face wall and do not achieve a cut as 
clean as an end mill with two operating surfaces. 

U.S. Patent 3,003,224 to Ribich discloses an 
end mill with two operating surfaces on the cutting 
face wall, a primary and a secondary tooth surface. 
This end mill did achieve a cleaner cut and greatly 
reduced the problems with chips adhering to the 
cutting face walls. 

However, while an improvement over prior end 
mills, this end mill has several deficiencies and 
limitations, particularly when used with the high 
speed machining capabilities of the present state of 
the art. First, corner wear and chipping edges are a 
continuing problem. Second, during use, the end 
mill often creates a loud squeaking noise. Further- 
more, the end mill has a limited useful life and can 
only be used at limited speeds. 

SUMMARY 

The present invention provides a novel end mill 
cutting tool. More specifically, the present invention 
provides an end mill made of tungsten carbide 
which has produced unexpected results regarding 
corner wear, noise reduction, high speed use and 
improved rigidity. 

Until now, an end mill such as the present 
invention made of tungsten carbide was not 
thought possible. Such an idea was not obvious to 
a number of carbide machinists although similar 
end mills have been around for many years. Addi- 
tionally, the problem of operation noise and corner 
chipping was not solved until the development of 
the present invention. Prior end mills could not 
operate at the necessary high speeds without 
noise, wear and flute clogging. 

It is, therefore, an object of the present inven- 
tion to provide an improved end mill cutting tool 
which lasts substantially longer than similar tools. 



It is also an object of the present invention to 
provide an end mill cutting tool which can be used 
at much higher cutting speeds than previously pos- 
sible. 

5 It is also an object of the present invention to 

provide an end mill cutting tool which possess a 
greatly improved rigidity. 

It is also an object of the present invention to 
provide an end mill cutting tool which has a greatly 
10 reduced incidence of edge chipping and signifi- 
cantly less corner wear. 

It is also an object of the present invention to 
provide an end mill cutting tool which yields a 
better chip flow and reduce or eliminate flute clog- 
is ging. 

It is also an object of the present invention to 
provide an end mill cutting tool which greatly re- 
duces the noise caused by contact between the 
cutting tool and the work piece. 

20 It is yet another object of the present invention 

to provide an end mill cutting tool which yields an 
improved surface finish on the work pieces. 

These and other objects and advantages will 
become more readily apparent from the more de- 

25 tailed discussion of the preferred embodiment tak- 
en in conjunction with the drawings wherein similar 
elements are identified by like numerals through 
several views. Such objects and advantages are 
achieved by an end mill comprising: 

30 An end mill comprising a shank section having 

a means for retaining said end mill in a rotary 
driven apparatus and a fluted portion, being an 
integral extension of said shank section and having 
one or more helical teeth, each helical tooth com- 

35 prises a cutting surface and a peripheral relief wall 
which intersect to form an angle defining a helical 
cutting edge at the point of intersection, said helical 
cutting edge defining an outer circumferential cut- 
ting path; said peripheral relief wall having a first 

40 and a second relief wall, said first relief wall origi- 
nating at said helical cutting edge and having a 
generally arcuate land adjacent to said cutting 
edge which is substantially parallel to said circum- 
ferential cutting path, said first relief wall continuing 

45 its length to a first back off line, said continuing 
length of first relief wall generally having a substan- 
tially constant clearance angle with respect to said 
circumferential cutting path, said first back off line 
defining the juncture between the first relief wall 

so and said second relief wall; said second relief wall 
extending from said first back off line to a second 
back off line and having a substantially constant 
clearance angle greater that said first relief wall, 
with respect to said circumferential cutting path; 

55 said cutting surface defining one or more tooth 
surfaces, present on the same side with respect to 
a diameter line passing through said cutting edge 
and the center of said circumferential cutting path 
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as said peripheral relief wall of said related tooth, a 
first tooth surface extending from said cutting edge 
to a chip take-off line and defining an essentially 
acute angle with said diameter line, a second tooth 
surface arcuately extending from said chip take off 
line to an intersection with said diameter line, said 
fluted portion further comprising a terminal end of 
said end mill, at the end opposite the shank and 
having two or more essentially equal cutting edges 
joined at a center point, any two said cutting edges 
defining an obtuse angle with respect to a refer- 
ence line drawn between the cutting edge of each 
helical tooth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view of an end mill according to 
the present invention. 

Fig. 2 is a transverse cross sectional view 
taken along line 2-2 in Fig. 1 which has been 
enlarged for purposes of illustration. 

Fig. 3 is an enlarged fragmentary cross-sec- 
tional view of a cutting tooth of an end mill accord- 
ing to the present invention. 

Rg. 3a is an enlarged fragmentary cross-sec- 
tional view of a cutting tooth of an end mill accord- 
ing to the present invention illustrating the tool's 
chip clearance. 

Fig. 4 is a greatly enlarged fragmentary cross- 
sectional view of the cutting edge of the cutting 
tooth of an end mill according to the present inven- 
tion. 

Fig. 4a is a still further enlarged fragmentary 
cross-sectional view of the cutting tooth illustrating 
the circular land. 

Fig. 5 is a fragmentary enlarged side view of 
the cutting end of the end mill according to the 
present invention. 

Fig. 6 is an enlarged end view of the cutting 
end of the end mill according to the present inven- 
tion. 

DETAILED DESCRIPTION 

Now, this invention will be described in detail 
with reference to the preferred embodiment there- 
of. Fig. t illustrates an end mill 10 according to the 
present invention, comprising a shank section 11 
and a fluted section 1 2. 

Shank section 11 is essentially cylindrical in 
shape and possesses two rectangular grooves 20a 
and 20b cut into its outer surface. Grooves 20a and 
20b serve to provide a means for retaining end mill 
10 in the rotary driven apparatus and any number 
of grooves are contemplated. 

Fluted section 12 of end mill 10 possesses a 
set of spiral or helical cutting teeth. The preferred 
embodiment illustrates an end mill with two cutting 



teeth 14 and 15, although any number of teeth are 
contemplated. These cutting teeth 14 and 15 ar 
identical in size and design. Such teeth spiral ar- 
ound the outer circumference of said end mill 10. 

s Each tooth 14 or 15 has a cutting edge line 16 on 
its outermost surface. 

Rg. 2 is an enlarged transverse cross-sectionai 
view taken along line 2-2 of Rg. 1 as viewed from 
the cutting end toward the shank. Arrow 17 in- 

70 dicates the direction of the tool's rotation. Cutting 
edge 16 is again indicated and shown as the out- 
ermost edge contacting the work piece. The move- 
ment of cutting edge 16 is indicated by cutting 
path 18. 

75 The preferred embodiment illustrated in Rg. 2 

shows a two-fluted end mill with two cutting sur- 
faces 30 and two non-cutting surfaces 40. Each 
cutting surface 30 begins at cutting edge 16 and 
terminates at reference point 34 and is generally 

20 divided into two surfaces, a polished primary tooth 
surface 31 and a secondary tooth surface 32. Non- 
cutting surfaces 40 are further divided Into a pe- 
ripheral relief wall 50 and a back side wall 42. 

Rg. 3 is an isolated view of a cutting tooth. 

25 Primary tooth surface 31 originates on one end at 
cutting edge 16, forms an essentially acute angle 
with the furnished radius line 35 and terminates at 
the chip take-off line 33. Primary tooth surface 31 
forms a smooth, slight curve which recesses into 

so end mill 10. The chip take-off line 33 is helical and 
runs essentially parallel to cutting edge 16 along 
the length of each helical tooth 14 and 15. The 
shape of this primary cutting surface is well known 
in the art and referred to as a K-land. The K-Iand 

35 causes the chips to form tight curls and clear the 
chip away from the cutting edge, as shown in Rg. 
3a. In this way the chip does not contact the full 
length of the flute, thereby reducing chip adhesion 
and flute clogging. Additionally, the tightly curled 

40 chip being cleared away from the full length of the 
flute allows coolant to flow behind the chip. This 
improved coolant flow causes improved cooling 
and lubricity of end mill 1 0, which in turn minimizes 
or eliminates chip adhesion and flute clogging. 

45 The secondary tooth surface 32 originates at 

the chip take-off line 33 on one end and has a 
substantial arcuate shape. Secondary tooth surface 
32 terminates at approximately the point 34 at 
which it crosses a radius line formed between the 

so cutting edge 16 and the center point of circular 
cutting path 18. Primary tooth surface or the K-iand 
31 comprises generally 10-30% of the overall 
length of a cutting surface 30, with Rg. 3 illustrat- 
ing a K-land having approximately 13% of the 

55 cutting surface 30*s overall length. 

Again looking at Rg. 3, peripheral relief wall, 
generally 50, originates at cutting edge 16 and 
terminates at a second back line 54. Peripheral 
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relief wall 50 comprises a first relief wall surface 52 
and a second relief wall surface 53. First relief wall 
surface 52 meets cutting path 18 at cutting edge 
16 to form an acute angle opening away from 
cutting surface 30. First relief wall surface 52 termi- 
nates at first back-off line 55. Second relief wall 
surface 53 extends from first back-off line 55 to 
second back-off line 54. This second relief wall 53 
forms a slightly larger acute angle with cutting 
surface 30 than first relief wail surface 52. 

Fig. 4 shows an enlarged view of a cutting 
tooth. This view more clearly illustrates a circular 
land 56 formed In the terminal end of first relief 
wall 52 immediately adjacent to and contacting 
cutting edge 16. Circular land 56 is essentially 
arcuate in shape and is essentially parallel to the 
arc of cutting path 18 formed by cutting edge 16. 
Circular land 56 forms an essentially right angle 
with a radius line 35 struck through cutting edge 
16. The shape of circular land 56 is critical to the 
present invention, serves to quiet the tool, espe- 
cially at the high speeds now possible, and yields 
an improved surface finish on the work piece. 

The circular land 56 formed in the end of first 
relief wall surface 52 is essentially .003 - .005 
inches in width 57 and is illustrated in a greatly 
enlarged view of Fig. 4a. The width of circular land 
56 is critical. When circular land 56 is dimensioned 
less than .003 inches in width, cutting edge 16 is 
too sharp and the loud squeaking noise associated 
with the prior art tools is heard. Circular land 56 
when dimensioned at a width 57 greater than .005 
inches forms a cutting edge 16 which is too dull to 
perform the task for which it is designed. The 
circular land 56 is on the total length of cutting 
edge line 16. 

Fig. 5 shows an enlarged side view of the 
cutting end of end mill 10. Cutting edge 16 and 
secondary tooth surface 32, previously discussed, 
are further illustrated in this additional view. End 
cutting edge 70 is shown as comprising two essen- 
tially equal edges 70a and 70b. The cutting edges 
70a and 70b meet at center point 71 to define 
angle 72. The present invention, however, dis- 
closes cutting edge 70 such that its two separate 
edges define angle 72 as ranging from 177-179.5* , 
Such a change has yielded unexpected results 
regarding tooth life. This slight angular modification 
greatly reduces the chipping of end mill cutting 
teeth and reduces corner wear. 

Fig. 6 illustrates the end view of the cutting end 
of end mill 10 when viewed from the end toward 
the shank 11. The cutting end shows cutting edges 
70a and 70b and an end relief face wall 73. End 
relief face wall is formed by a primary back-off 
surface 74 which extends from cutting edge 70 to a 
first back-off line 76. The secondary back-off sur- 
face 75 extends from the first back-off line 76 and 



terminates at the intersection with th non-cutting 
surfaces 40. 

The two significant improvements over the pri- 
or art are shown in the shape of circular land 56 

s and the angular modification of the end cutting 
edge 70. Such slight alterations in the prior art 
have produced unexpectedly remarkable improve- 
ments in the quality of cut, reducing operating 
noise, and increasing the life of the tool particularly 

10 at the high machining speeds now possible. Such 
improvements would not have been obvious to an 
artisan of ordinary skill in the art as evidenced by 
the fact that such improvements are made herein 
on a tool that has seen little or no change in over 

75 20 years. 

The preferred embodiment of the present in- 
vention is manufactured of tungsten carbide. Tung- 
sten carbide gives the end mill of the present 
invention strength and durability not possible with 

20 hardened steel end mills. For many years, it was 
not thought possible to manufacture such an end 
mill out of tungsten carbide. Other alloys of tung- 
sten are also contemplated. 

The present invention, when made out of tung- 

25 sten carbide, lasts 20 times longer than end mills 
made with conventional hardened steel. The com- 
position, coupled with functional changes in the 
tool's design, specifically the angled end cutting 
edge 70. have yielded an end mill which will resist 

30 tooth chipping and experiences less comer wear. 

This tool has a greatly improved rigidity and 
can operate at virtually unlimited speeds. The 
present invention can feed up to 500 inches per 
minute in contrast to approximately 20-30 inches 

35 per minute using conventional end mills. 

Most importantly, the present invention yields 
an improved cut on the surface of the work piece 
and better chip flow. These improvements can be 
attributed to the k-land on the cutting surface 30 

40 and the improved shape of the circular land on the 
first relief surface 52. This same improvement 
greatly reduces the noise caused by the tool cut- 
ting edge 16 contacting the work piece. 

While in accordance with the patent statutes 

45 the best mode and preferred embodiment of the 
invention has been described, it is to be under- 
stood that the invention is not limited thereto, but 
rather is to be measured by the scope and spirit of 
the appended claims. 

50 

Claims 

1. An end mill comprising: 

a shank section having a means for retain- 
55 ing said end mill in a rotary driven apparatus 

and 

a fluted portion, being an integral exten- 
sion of said shank section and having one or 



4 



7 



EP 0 532 802 A1 



8 



more helical teeth, 

each helical tooth comprises a cutting sur- 
face and a peripheral relief wall which intersect 
to form an angle defining a helical cutting edge 
at the point of intersection, said helical cutting s 
edge defining an outer circumferential cutting 
path; 

said peripheral relief wall having a first and 
a second relief wall, said first relief wall origi- 
nating at said helical cutting edge and having a w 
generally arcuate land adjacent to said cutting 
edge which is substantially parallel to said 
circumferential cutting path, said first relief wall 
continuing its length to a first back off line, said 
continuing length of first relief wall generally 75 
having a substantially constant clearance angle 
with respect to said circumferential cutting 
path, said first back off line defining the junc- 
ture between the first relief wall and said sec- 
ond relief wall; 20 

said second relief wall extending from said 
first back off line to a second back off line and 
having a substantially constant clearance angle 
greater that said first relief wall, with respect to 
said circumferential cutting path; 25 

said cutting surface defining one or more 
tooth surfaces, present on the same side with 
respect to a diameter line passing through said 
cutting edge and the center of said circum- 
ferential cutting path as said peripheral relief 30 
wall of said related tooth, a first tooth surface 
extending from said cutting edge to a chip 
take-off line and defining an essentially acute 
angle with said diameter line, 

a second tooth surface arcuately extending 35 
from said chip take off line to an intersection 
with said diameter line, 

said fluted portion further comprising a ter- 
minal end of said end mill, at the end opposite 
the shank and having two or more essentially 40 
equal cutting edges joined at a center point, 
any two said cutting edges defining an obtuse 
angle with respect to a reference line drawn 
between the cutting edge of each helical tooth. 

45 

2. An end mill as recited in claim 1 wherein said 
means for retaining said end mill in a rotary 
driven apparatus comprises a plurality of 
grooves cut into the outer surface of said 
shank section. so 

3. An end mill as recited in claim 1 wherein said 
arcuate land has a length ranging from about 
0.003 to about 0.005 inches. 

55 

4. The end mill as recited in claim 1 wherein said 
primary tooth surface is a concave arcuate 
surface extending from said cutting edge to 



said chip take off line. 

5. The end mill as recited in claim 4 wherein said 
primary tooth surface is polished. 

6. The end mill as recited in claim 1 wherein the 
primary tooth surface has a width ranging from 
10% to 40% of the distance between said 
cutting edge and said intersection of said sec- 
ondary tooth surface and said diameter line. 

7. The end mill as recited in claim 1 wherein said 
end mill is made of tungsten carbide or related 
alloys. 

a The end mill as recited in claim 1 wherein the 
angle formed by the cutting surfaces with re- 
spect to a reference line drawn between the 
cutting edge of each helical tooth ranges from 
about 177' -179.5'. 
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